Laingolide A is an enamide-containing secondary metabolite isolated from the Lyngbya bouillonii cyano-bacteria near the northern coast of Papua New Guinea in 1999. Progress towards the first total synthesis and determination of the naturally occurring macrocyclic stereoisomer is described. An efficient yet versatile retrosynthetic pathway was designed using three building blocks: a dibromo olefin obtained through the Corey-Fuchs reaction, an acid chloride with an azide handle, and a boronic acid-carboxylic acid sourced from Roche ester. The key step of this total synthesis is a novel Suzuki-Miyaura coupling reaction followed by a lactone to lactam ring expansion with a palladium catalyst.
Enantioselective reactions of radical intermediates remain challenging, as many mechanisms for radical generation are not coupled to chiral catalyst binding. This, in conjunction with the high intrinsic reactivity and poorly understood non-covalent interactions of open-shell intermediates, makes it challenging to design a chiral environment which can sufficiently impose stereocontrol during subsequent bond forming steps. Herein, we report an enantioselective anti-Markovnikov hydroamination of alkenes with sulfonamides, enabled by proton-coupled electron transfer (PCET). The PCET step proceeds through the simultaneous oxidation and deprotonation of a sulfonamide N-H bond by an iridium photocatalyst and chiral phosphate base, respectively. We propose that residual hydrogen bonding interactions between the resulting neutral sulfonamidyl radical and neutral conjugate chiral phosphoric acid induce asymmetry during the subsequent C-N bond formation. This reaction has been demonstrated for a variety of sulfonamides in an intramolecular cyclization reaction with selectivities up to 95% ee. These results demonstrate that neutral, open-shell hydrogen bonding interactions can be applied as a design principle for asymmetric reactions with radical intermediates.
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Synthetic Organic and Supramolecular Strategies Toward Sequence-Controlled Polymerizations
Elizabeth Elacqua, Maria Gregor, Margaret Gerthoffer, Sikai Wu, Vincent H. Crespi, and John V. Badding Pennsylvania State University eze31@psu.edu
To date, methods to engineer polymers with precise functional group positioning generally lead to ill-defined architectures, impeding both crystallization and self-assembly. Iterative synthetic routes are promising to achieve well-defined materials, yet can be time-consuming and often require extensive product purification. Balanced cost-and time-effective strategies are needed to access novel materials. Herein, we disclose two independent methods toward obtaining sequence control: In a first route, we demonstrate the controlled synthesis of alternating copolymers prepared using ring-opening metathesis polymerization (ROMP) of a strained unsymmetrical and 'electronically-ambiguous' donor-acceptor cyclophanediene. The ROMP proceeds in wake of both steric and electronic encumbrance to afford donor-acceptor conjugated polymers. In a second separate strategy, supramolecular interactions are utilized to pre-organize and direct reactants for non-topochemical solid-state polymerizations, wherein the noncovalent interactions aid in precise C-C bond formation. Although the two approaches are different in scope, both rely retrosynthetic design to engineer 'locked-in' A-B units that are significant in a field striving to synthesize well-defined and sequence-specific materials.
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Synthesis of γ-Boron Phosphonate Compounds
Giulia Mancini, Maria Bouda , John W. Tomsho* University of the Sciences gmancini1000@mail.usciences.edu Malaria and tuberculosis infections are the most widespread infectious diseases in the world. Certain strains of both P. falciparum and M. tuberculosis have become highly resistant to a wide variety of current drugs therefore new antimalarial and antituberculosis drugs with novel modes of action are urgently needed. The 2C-methyl-D-erythritol-4-phosphate (MEP) pathway constitutes an attractive target for the development of new anti-infective agents. This pathway is not present in humans but only in pathogens such as bacteria, fungi and protozoa. Also, it is responsible for the biosynthesis of the isoprenoid precursors isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPP) which play an important role in the life cycle of many pathogens. These isoprenoids are essential for the synthesis of the cell wall in M. tuberculosis and P. falciparum. Fosmidomycin is a potent, natural product inhibitor of the MEP pathway that acts via inhibition of the enzyme 1-deoxylulose-5-phosphate reductoisomerase (IspC). Despite potent in vitro activity against IspC, fosmidomycin is highly hydrophilic and has poor bioavailability thus limiting its use as a therapeutic. For these reasons, the overall goal of this work is the design, synthesis and biological evaluation of a library of fosmidomycin analogs with increased lipophilicity to improve cellular penetration and bioavability. An enantioselective transformation was developed in the Jacobsen lab which forms chiral B,Bdifluoroalkylbromides from bromostyrenes, and the reaction is facilitated by a class of chiral, hypervalent iodine catalysts. Most chiral catalysts rely on a precise interplay of noncovalent interactions to induce enantioselectivity. Elucidating the mechanism of this difluorination reaction is complicated by the many noncovalent interactions likely involved, along with the heterogeneous nature of the reaction and the harsh reaction conditions. Therefore, we sought to apply the parameterization methodology developed in the Sigman lab in which computed properties of substrates and catalysts are correlated to reaction selectivity. This method has been able to reveal enantiodetermining aspects of many asymmetric, catalytic transformations without prior mechanistic information. Properties of the substrates and catalysts for this difluorination reaction were calculated, and with these results, the dependence of enantioselectivity on the structure of the substrates and catalysts was able to be expressed using only two parameters: the interaction energies of a model system and the LUMO energies of the substrates. A more selective catalyst was also predicted. Fundamental noncovalent interactions important for enantioselectivity in this transformation were revealed, contributing to our understanding of how hypervalent iodine catalysts of this type induce enantioselectivity. A whole protein mass spectrometry-based screen to identify ligands of A3 proteins has been developed, allowing for the identification of covalently-bound fragments identified by a shift in mass and relatively quantified as the percent of ligand bound. Early work on this project has confirmed adduction of iodoacetamide to A3G C-terminal domain (ctd), and an initial pilot screen has been performed using a small library (N=35) of fragments containing irreversible electrophiles. These results and the future directions of the project will be presented. Impatien A, an isoindolone natural product isolated from Corydalis impatiens, and ochotensimine, a tetrahydroisoquinoline natural product isolated from Corydalis ochotensis, both possess a similar carbon scaffold featuring a spirocyclic stereogenic center. While ochotensimine and its des-methyl analog ochotensine have been shown to inhibit TNF-alpha, have been characterized as single enantiomers by optical rotation studies and by x-ray diffraction, and have been prepared via racemic syntheses, much less is known about the related impatien A. A unified approach to the preparation of the spirocyclic centers of these natural products poses a synthetic challenge both in its racemic and enantioenriched forms. We envision a metal-catalysed approach to the creation of these spirocyclic centers, which would be amenable to asymmetric induction. From readily available starting material, the southern indane half (identical to both natural products) and an appropriate northern arene half tagged with a cross-coupling handle can be synthesized with minimal chromatographic steps. Key palladiumcatalysed arylation and cyclization allow for the construction of the spirocyclic framework.
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Synthesis and Application of Methyl N,O-Hydroxylamine Muramyl Peptides
Klare M. Lazor, Junhui Zhou, Kristen E. DeMeester, Elizabeth A. D'Ambrosio, Catherine L. Grimes* University of Delaware klazor@udel.edu
The innate immune system's interaction with bacterial cells plays huge role in human diseases.
Carbohydrates derived from bacterial cell wall, peptidoglycan (PG), are known to stimulate an immune response. To increase the chemical toolbox for studying host-PG interactions a rapid facile synthesis for PG probes is needed. To date, the field has been limited to a handful of commercially available PG probes and more recently well-defined materials that are accessible only to the skilled carbohydrate chemist (13+ chemical steps). In this study, a methodology for the modification of these critical bacterial PG fragments that is accessible to the non-specialist is developed. Using methyl N,O-hydroxylamine chemistry, two new amine functionalized linkers were established and subsequently attached to unprotected synthetic MDP at the anomeric position. This modification was shown not to affect the immunostimulatory activity of MDP. And, was proved to be applicable to larger synthetically, as well as enzymatically, generated PG fragments. Applications for these probes were also explored using Surface Plasmon Resonance The melanocortin receptors belong to the family of G protein-coupled receptors (GPCRs). Five melanocortin receptors have been discovered to date, which respond to both endogenous agonists and antagonists. 1 The peptide antagonists Agouti Signaling Protein (ASP) and AgoutiRelated Protein (AgRP) both contain the putative sequence Arg-Phe-Phe in the carboxyl terminal region, which is hypothesized to be responsible for both receptor affinity and antagonist activity. 2 This sequence is located on an exposed ß-hairpin loop, which can be mimicked in a smaller amenable scaffold.
This study focused on exploring four SNPs that were deposited into the NIH Variation Viewer 3 , which result in missense mutations in the proposed active loop of AgRP. 4 The human ecto-5'-nucleotidase (CD73), which catalyzes the conversion of extracellular AMP to adenosine, is over-expressed in many types of cancer. Increased adenosine levels due to upregulated CD73 cause an immunosuppressive local environment, allowing tumors to escape immune surveillance. High-throughput screening identified a series of benzothiadiazinecontaining compounds as potent inhibitors of CD73. The initial hit in this series featured a C5-hydroxyl group which was thought to be critical for high potency; however, a later discovery showed that replacement with a heteroaryl was tolerated. In order to expand on this finding, an optimized synthetic route to the C5-heteroaryls was sought, as the benzothiadiazine core proved to be a capricious substrate for the Suzuki cross-coupling reaction necessary to access these inhibitors. In collaboration with GSK's Chemical Catalysis & Novel Methods group, Suzuki reaction screening plates were run and analyzed, and optimized reaction conditions were identified. The experimental design and results of this methodology screen will be presented. Using visible-light photoredox catalysis, the judicious choice of nitrogen protecting group allows for the site-selective functionalization of alkyl primary amine derivatives. Under basic, oxidative reaction conditions, both trifluoroacetamides and trifluoromethanesulfonamides undergo full deprotonation and further oxidation to form nitrogen-centered radicals. The fine-tuning of protecting group, and consequently resulting nitrogen radical stability allows for the differentiation in mechanistic pathways and selective alpha vs. delta functionalization.
Trifluoroacetamides have been shown to remotely activate delta-C(sp3)-H through intramolecular [1, 5] -hydrogen atom transfer events to produce delta-centered carbon radicals. A pivot in reactivity is observed with trifluoromethanesulfonamides by selectively forming alphaamino radicals through intermolecular HAT processes. By coupling these radicals with electron deficient olefins, C-C bonds are selectively formed either alpha or delta. Additionally, the use of oxime ethers and isonitriles as coupling partners leads to formal aminomethylation and cyanation functionalization.
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The Biomimetic Total Synthesis of Microansamycin A Madeline C. Frischling, Seth Herzon* Yale University, New Haven, CT maddie.frischling@yale.edu
Ansamycins are a family of bacterial secondary metabolites that can exhibit antioxidant and antitumor bioactivities. A recently identified series of nine novel microansamycins (e.g., microansamycin A) feature a structurally intriguing and rare pentaketide backbone deriving from post-PKS modifications. The metabolites of this family share a cyclohexenone or phenol core with a bridging macrolactam containing four stereocenters, one of which is often quaternary. This densely functionalized skeleton presents a synthetic challenge and has yet to be explored. Lu et al. propose a biosynthesis from "promicroansamycin" to yield the tetracyclic parent family member, microansamycin A. Variations in this pathway could generate the other metabolites. We intend to develop a modular biomimetic route to access microansamycin A and test the feasibility of the biosynthetic proposal, particularly final cyclization. Through this synthetic endeavor, we will develop new strategies for complex polyketide synthesis and probe the unprecedented late-stage biosynthetic transformations.
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11-Step Catalytic Asymmetric Synthesis of (-)-Bilobalide
Meghan A. Baker, Robert M. Demoret, Masaki Ohtawa, Ryan Shenvi* Scripps Research, San Diego, CA mbaker@scripps.edu
The Ginkgo biloba metabolite bilobalide (BB) antagonizes gamma-aminobutyric acid A receptors (GABAAR) and rescues cognitive dysfunction in Ts65Dn mice, models of Down syndrome in which GABAergic inhibition is overactive. However, BB decomposes in weakly basic media, obstructing its derivatization; and structure modification by total synthesis is frustrated by its stereochemically-rich and congested architecture. Here, we report an 11-step synthesis of (-)-bilobalide that relies on the pseudosymmetry of its core. Stereochemistry is relayed from an unusual Reformatsky reaction to a solvent-dependent radical hydration and a stereoselective oxetane acetalization. Facile skeletal rearrangement enables a late-stage 'inside-out' oxidation of a deep C-H bond. Rapid access to BB provides the opportunity to stabilize the core while maintaining its unique GABAAR antagonist profile. Piperazine-containing compounds serve as one of the most important classes of compounds throughout all fields of chemistry. Their prevalence in naturally-occurring complexes and pharmaceuticals makes piperazines one of the most attractive motifs for synthetic chemists. To date, synthesis of highly decorated piperazine cores has been met with extreme difficulty using current synthetic methods. In a collaboration between chemistry groups at GlaxoSmithKline and the University of North Carolina, we present a site-selective approach to the functionalization of existing piperazine compounds using acridinium-based photoredox catalysis. This manifold relies on the differentiation electronically-distinct nitrogen centers within the piperazine framework to gain access to C-alkylated variants of the starting piperazines. The reaction has been designed to proceed efficiently under mild conditions without the need for exogenous additives, redox mediators or substrate-prefunctionalzation.
Photoredox reactions has traditionally been performed in batch; recently, continuous flow methodologies have gained much attention even in this area of chemistry. Although both techniques are very useful and have been rapidly developed and adopted by the organic chemistry community, there are not an efficient method to translate the reaction in batch to corresponding continuous process due to their difference regarding the photon exposure.
In this work, we show the development of a new methodology to optimize a known or unknown reaction in microscale and move directly to continuous systems using homogeneous reaction conditions, reducing drastically the reaction times and minimize solvent waste with excellent results. This methodology will allow scale the photoredox reactions in flow systems with a high efficiency.
Poster 31
Vinyl Cations as Cyclopentenone Precursors via C-H Insertion and Alkene Addition Reactions
Magenta J. Hensinger, Sarah E. Cleary, Matthias Brewer* University of Vermont mhensing@uvm.edu
We recently reported that β-hydroxy-α-diazo ketones react with Lewis acids to give fused bicyclic cyclopentenone products. This reaction occurs through the formation of a destabilized linear vinyl cation that rearranges via a 1,2-shift to provide a more stable cyclic vinyl cation, which then inserts into an unactivated C-H bond to provide the cyclopentenone product. We have since expanded our studies to include unsymmetric systems (R≠Rʹ), and in this presentation we report our results detailing the migratory aptitude of different groups in the 1,2-shift event. We have also been exploring the use of the vinyl cation intermediates in intramolecular reactions other than C-H insertion. For example, we recently reported that the vinyl cation intermediates could be captured by pendent aromatic rings to give tricyclic 1-indenone products. We have since expanded these studies to include alkenes as the nucleophilic capturing agent, and our results from these studies will be reported as well.
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Silyl Radical-Mediated Arylation of Heterocyclic N-Nucleophiles via Copper Metallaphotoredox Catalysis
Marissa N. Lavagnino, Tao Liang, David W. C. MacMillan* Princeton University, Princeton, NJ mnl2@princeton.edu
In this work, the coupling of N-heterocyclic nucleophiles and (hetero)aryl bromides is achieved via the merger of copper metallaphotoredox catalysis and silyl radical-mediated halogen atom abstraction. This carbon-nitrogen coupling is enabled by a photocatalytically-generated silyl radical, which abstracts bromine from the (hetero)aryl bromide, thus generating a high-energy aryl radical intermediate. Capture of the aryl radical at near diffusion rates by a copper catalyst provides an alternative mechanistic pathway to the traditional yet sluggish direct oxidative addition of aryl halides to copper. Multiple classes of heterocyclic nucleophiles-including pyrazoles, indazoles, triazoles, and 7-azaindoles-are effectively coupled under mild conditions to a wide range of pharmaceutically-relevant aryl and heteroaryl bromide partners.
Pd-catalyzed C-N coupling reactions are ubiquitous in the syntheses of active pharmaceutical ingredients (APIs). The development of robust and scalable reaction processes is essential in order for these transformations to be suitable for large-scale manufacturing. The use of traditional weak inorganic base reaction conditions enable the desired transformation to proceed with broad functional group tolerance, but the reaction profile is scale-dependent and contingent on the inorganic base particle size. The development of dual-base homogeneous reaction conditions that enable readily scalable processes will be presented along with mechanistic experiments to develop an understanding of the role of each component of the reaction.
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Chemoselective Cyclic Alcohol Oxidation with N-Ligated 3-Iodanes
Myriam Mikhael, Sarah E. Wengryniuk* Temple University myriam.mikhael@temple.edu
The chemoselective functionalization of alcohols in complex polyols remains a fundamental synthetic challenge. While significant advancements have been made in the selective derivatization at the oxygen center, chemoselective oxidation to the corresponding carbonyls is less developed. In cyclic systems, while selective oxidation of axial alcohols is well known, a complimentary equatorial selective process has not yet been re-ported. Herein, we report the utility of nitrogen-ligated (bis)cationic iodanes (III) (N-HVIs) for alcohol oxidation and their unprecedented levels of selectivity for the oxidation of equatorial over axial alcohols. The conditions are mild and the simple pyridine-ligated reagent is readily synthesized from commercial PhI(OAc)2 and can be either isolated or generated in situ. Conformational selectivity is demonstrated in both flexible 1,2-substituted cyclohexanols and rigid polyol scaffolds, providing chemists with a novel tool for chemoselective oxidation. Spider dragline silk is one of the nature's high-performance materials, as it exhibits comparable tensile strength to steel at a fraction of the density with toughness surpassing that of Kevlar and Nylon. This remarkable mechanical property results from its primary sequence, resembling segmented copolymer with hydrophobic block, rich in alanine, and hydrophilic block, rich in glycine. Chemically synthetic polymers mimicking silk structure and properties are desirable for applications, including biomedical scaffolds, tissue regeneration, bioelectronics, and biosensors due to its ability to interface with living tissues and robust mechanical properties. Here we are demonstrating a facile and robust synthetic strategy of silk-mimetic segmented multiblock copolymer via solid phase peptide synthesis (SPS) followed by step-growth polymerization of poly(alanine) and α,ω-bis{2-[(3-carboxy-1-oxopropyl)amino]ethyl}polyethylene glycol. The resultant polymers were analyzed using mass spectrometry and gel permeation chromatography. The effect of poly(alanine) chain lengths (n = 3-10) in the polymer self-assembly was studied in detail by wide-angle X-ray scattering (WAXS) that suggests oligopeptide segments could aggregate into β-sheet structure with parallel or antiparallel symmetry and may result into variable mechanical properties. Alkene difunctionalization constitutes a powerful approach for rapidly attaining complex molecular scaffolds from simpler and more widely available compounds. Cu/Pd synergistic catalysis is an effective method for alkene difunctionalization, as it simultaneously establishes a carbon-carbon bond and versatile carbon-boron bond through a nucleophilic alkyl-Cu species that is generated in situ. Previously, our group has demonstrated the utility of this system through the development of diastereoselective and enantioselective variants with styrene derivatives. This work extends the approach to the 1,1-and 1,2-carboboration of α-methylstyrene derivatives, which presents the unique challenge of not only successfully crosscoupling a tertiary alkyl-Cu species, but also selectively accessing regioisomeric products through distinct Pd ligand environments. Furthermore, this process can be done enantioselectively, which is significant due to the inherent complexity of the system. Additionally, progress on the alkenylboration of vinylsilanes and vinylboronic esters is highlighted, including scope and synthetic applications. The selective functionalization of C-H bonds serves as a platform to streamline the synthesis of versatile molecular entities from simple feedstocks. In this study, the C-H functionalization of abundantly available amines and alcohols has been realized through catalytic, radical-mediated pathways. Specifically, C-H arylation of amines has been achieved via a copper catalyst and aryl boronic acids, where C-C coupling is preceded by a 1,5-hydrogen atom transfer. Furthermore, this reactivity has been applied to the selective desaturation of unbiased amines to introduce a distal alkene under a Cu and Ir dual catalytic system. Finally, radical chaperone-mediated amination of alcohols has been rendered catalytic and studied mechanistically. It is anticipated that these methodologies will lead to further development of novel C-H functionalization strategies, with the intention of advancing the material and pharmaceutical industries.
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Process Development at Corteva Agriscience™
Suhelen Vasquez Cespedes, Greg Whiteker Corteva Agriscience suelen.vasquezcespedes@corteva.com An increasing and often mobile global population demands a higher production of food to feed the additional two billion people expected on this planet by 2050 . Controlling insects, pathogens, and weeds that negatively impact crop productivity remains an ongoing and essential undertaking. The ability to synthesize complex molecules has allowed for the development of a multitude of organic compounds as active ingredients in the crop protection industry. Corteva Agriscience, as one of the world leading agriculture companies, has developed numerous novel products which increase the sustainability of food production. For example, Rinskor™ active, a new rice herbicide developed by Corteva Agriscience, was recently awarded our sixth Green Chemistry Challenge award.
We emphasize the Principles of Green Chemistry in our active ingredient process R&D, and one key Green Principle necessitated by the scale of our operations is to minimize the risk of accidents. A multitude of synthetic methods in organic chemistry have recently been introduced towards new synthetic strategies. However, information regarding compatibility and robustness of the reaction conditions on multikilogram scale is usually omitted. Detailed studies are therefore needed to utilize such strategies on larger scales. The process chemistry group at Corteva Agriscience works towards the successful development of practical, safe and costeffective processes for the synthesis of compounds from kg to hundreds of tons. Optimization of reaction conditions, cost reduction, safety concerns and waste minimization are key goals of our group. Commercial hair dyes are classified as temporary, semipermanent, and permanent, the latter of which dominate the multibillion-dollar global market due to their high wash resistance. Permanent hair dyes are formed inside hair upon the oxidative coupling of aromatic precursors that give rise to oligomeric indo dyes that become physically entrapped. Unfortunately, some of the precursors used to develop these dyes are strong/extreme skin sensitizers (e.g., pphenylenediamine). Therefore, there was an interest in identifying hair dyes with reduced toxicological effects.
To fulfill this vision, prospective dyes based on monoarylide, arylazopyrazolone, and arylazonaphthol dye chemistry were synthesized. The target dyes displayed affinity toward human hair fibers, with the arylazonaphthol dye displaying the best dye uptake and little color loss on washed fibers. This dye was classified as category 3 and 1 of GHS, respectively for acute and chronic aquatic toxicity and was deemed non-mutagenic (Ames test). To mimic permanent dye formation in hair, the arylazonapthol dye was metallized inside hair using Al3+ and Fe3+ salts under mild conditions (i.e., 40oC). Unmetallized and metallized forms of the arylazonapthol dye were more wash resistant than a prototype permanent hair dye. Thus, the results from this study highlight the potential of post-metallizable azo dyes as permanent hair dye alternatives following dimerization. There is an urgent need for the development of new antibiotics because of growing resistance. Despite great effort to identify or invent new antibiotics, bacteria often evolve resistance shortly introduction of a new drug. Natural products have often been the source of novel antibiotics. Modification of known antibiotics has been instrumental to devising new effective variants but in most cases the modifications are based on peripheral decoration of the basic antibiotic core. Deep seated modifications are rare. The silicon-carbon switch approach to pharmaceutical invention has seen little application in antibiotic research. Silicon is the element most similar to carbon, is the second most abundant element in the earth's crust and has no intrinsic toxicity. Notably, naturally occurring silicon-carbon bonds are unknown. We are exploring the replacement of a tertiary alcohol in macrolide antibiotics with silanols. An example is silaalbocycline, a.k.a. alboSicline. Replacement of an alcohol with a silanol yields a slightly larger, slightly more acidic unit. A number of approaches to this new antibiotic species will be described, based in part on the Andrade synthesis of the natural product.
